This in vitro study evaluated the effects of delayed versus immediate polishing to permit maturation on interfacial gap-formation around highly-viscous conventional glass-ionomer cement (HV-GIC) in Class I restorations together with determination of associated mechanical properties. Cavity preparations were made in occlusal surfaces of premolar teeth. Three HVGICs were studied (Fuji IX GP, GlasIonomer FX-II and Ketac Molar) and one conventional glass-ionomer cement (C-GIC, Fuji II, as a control), with specimen sub-groups (n = 10) for each property measured. After polishing, either: (i) immediately (6 min) after setting or (ii) after 24 h storage, the restored teeth were sectioned in a mesio-distal direction through the center of the model Class I restorations. The presence or absence of interfacial-gaps was measured at x 1000 magnification at 14 points (each 0.5-mm apart) along the cavity restoration interface; (n=10; total points measured per group =140). Marginal gaps were similarly measured in Teflon molds as swelling data, together with shear-bond-strengths to -1 - enamel and dentin, and flexural strengths and moduli. For three HV-GICs and one C-GIC, significant differences (p<0.05) in gap-incidence were observed between polishing (i) immediately and (ii) after one-day storage. In the former case, 80-100 gaps were found. In the latter case, only 9-21 gaps were observed. For all materials, their shear-bond-strengths, flexural strength and moduli increased significantly after 24 h storage.
Introduction
As a restorative material, conventional glass-ionomer cements (C-GIC) have certain desirable properties. C-GIC include chemical bonding to enamel and dentin substrates, release of anticariogenic fluoride into adjacent hard tissues and a low coefficient of thermal expansion similar to that of dentine.
1,2 However, C-GICs are susceptible to fracture and exhibit low wear resistance. Therefore, these deficiencies have limited their use to areas subject to low masticatory stresses. 2 Because of the low fracture toughness, mechanical strength and brittleness of C-GICs, efforts were made to improve their mechanical properties by the addition of powder. [3] [4] [5] Highly-viscous C-GICs (HV-GICs) were developed to overcome early moisture sensitivity and low mechanical properties associated with conventional materials. And then they were designed as an alternative to amalgam for posterior preventive restoration.
The polishing period is another factor that may influence the seal-ability around a cervical or a cavity restoration. Polishing after storage in water for one day resulted in improved gap formation for cervical restorations or dentin cavities of a resin-modified glass-ionomer cement (RM-GIC) or a C-CGI. [13] [14] [15] [16] [17] Due to the structure of RM-GIC or C-GIC and their hydrophilic nature, water sorption and subsequent swelling may lead to partial compensation of the shrinkage. The preservation of sealing around a restoration would benefit most if water sorption and setting shrinkage could proceed simultaneously. However, water sorption occurs only at a later stage compared with setting shrinkage. 18 Currently, no information is available regarding the interfacial-gap formation behavior around Class I restoration of a C-GIC.
In the oral environment, C-GICs must also withstand masticatory and parafunctional stresses. And these stresses vary markedly in different clinical situations. Thus, thresholds in mechanical properties needed for success may vary considerably from case to case, with stronger C-GICs being required where greater stresses are anticipated. Flexural test are appropriate to assess the mechanical properties of restorative and luting cements. 9, 13, 16 In previous studies, C-GICs were proposed to improve their marginal seal by enhancement of their flexural strength and bonding ability after 24 h water-storage. 13 Appropriate elastic moduli and proportional limit values are also desirable. 16 The principal aims of the present study, therefore, were: 1) to evaluate both gap-formation integrity around but-joints in model restorations, analogous to Class I restoration of HV-GICs and 2) determination of the early development of their flexural and adhesive properties, -3 -compared with those of a C-GIC. An important clinical variable was to be assessed in this connection: namely, the effect on these properties of an immediate versus a 24 h -delayed finishing procedure. Hence, a major hypothesis to be tested was that premature finishing would significantly reduce interfacial integrity, relative to delayed finishing. Several additional properties, including shear-bond-strengths, were also to be measured, to further elucidate the effects of water-uptake over 24 h upon intrinsic and interfacial material behavior, and to discriminate between the different material types.
Materials and Methods
The basic properties of three HV-GICs and one C-GIC, as a control, are summarized in Tables 1. Human premolars, extracted for orthodontic reasons, were used for the experiment. After extraction, each tooth was immediately stored in distilled water at 4 o C for one to two months before use.
Four C-GICs were investigated (Table 1) , which were placed according to the manufacturers' instructions. Dentin Conditioner was applied for 20 s, and rinsed with water.
Ketac Conditioner was applied for 10 s, and rinsed with water. The cavity was filled with mixed GIC using a syringe tip (Centrix C-R Syringe System, Centrix, Connecticut, USA) and covered with a plastic strip and was stored in an incubator at 37 o C and 100% relative humidity for 4 min after mixing as setting procedure. The restored teeth were then coated with a varnish (Fuji Varnish, GC, Tokyo, Japan).
-4 - Gap-Formation around Class I restoration:
Preparing and Polishing Procedures:
A Class I cavity was prepared in the human premolar surface, having a length of 3.5 mm, a width of approximately 2 mm with a depth of 1.5 mm, using a tungsten carbide bur (200,000-rpm) and a fissure bur (8,000-rpm) under wet conditions ( Figure 1 ). Cavosurface walls were finished to a butt joint. This design differed from a Class I clinical cavity in that cavity corners were geometric-box angles to prepare a constant-volume model. One cavity was prepared in each of 80 teeth; (4 materials x 2 polishing or inspecting times x 10 repeats = 80). The surfaces of designated restorations were polished immediately after setting, with abrasive points (Silicone Mide, Shofu, Kyoto, Japan) while rinsing with distilled water in an effort to avoid desiccation and breakdown. The other designated specimens were stored after setting in distilled water at 37 o C for 24 h. Then the surfaces of the restorations were polished, as described above.
2: Inspection Procedures
Each tooth was sectioned in a buccolingual direction through the center of the restoration with a low-speed diamond saw (Isomet, Buehler Ltd., Lake Bluff, IL). The presence or absence of marginal gaps was measured at 14 points (each 0.5-mm apart) along the cavity restoration interface (n=10; total points measured=140) using a traveling microscope (X1,000, Measurescope, MM-11, Nikon, Tokyo, Japan) ( Figure 1 ). The number of gaps in each position was totaled and expressed as a sum for each sample. 
Marginal Gap in Teflon Cavity
Since Teflon does not react with GICs, it was used as a mold to measure the degree of setting shrinkage (immediately after setting) and any hygroscopic expansion (after 1-day storage in water) of the GICs. Each prepared Teflon mold (n = 10), with a depth of 1.5 mm and a diameter of 3.5 mm, was placed on a silicone oil-coated glass plate, and filled with GIC using a syringe tip, then covered with a plastic strip until set. The sum of the maximum gap-width and the opposing gap width (if any) was expressed as the marginal gap in the Teflon cavity.
Shear Bond Strengths to Enamel and to Dentin
Wet grinding of buccal surfaces was performed with up to 1000 grit silicon carbide abrasive paper until a flat enamel or superficial dentin area of at least 4 mm in diameter was exposed.
The surface was pretreated as described above. A split Teflon mold with a cylindrical hole (diameter, 3.6 mm; height, 2 mm) was clamped to the prepared enamel or dentin surface. The
Teflon mold was filled with various restorative materials using a Centrix syringe tip (Centrix C-R Syringe System, Centrix, Connecticut, USA). It was covered with a plastic strip and the material was hardened by light irradiation, as described above. For each material, 10 specimens were prepared. Prepared specimens were secured in a mounting jig. At a time of either 6 minutes from start of mixing procedure, or after 24 h water-storage, the shear force was transmitted by a flat (blunt) 1 mm broad shearing edge making a 90 o angle to the direction of the load (or the back of the load plate). The shear force was applied (Autograph DCS-2000, Shimadzu, Kyoto, Japan) at a cross-head speed of 0.5 mm/min. The stress at -6 -failure was calculated and recorded as the shear-bond strength. The failed specimens were examined under a light microscope (x 4; SMZ-10, Nikon, Tokyo, Japan) to determine the total number of adhesive failure surfaces.
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Flexural strength and flexural modulus of elasticity.
Teflon molds (25×2×2 mm) were used to prepare flexural specimens (n=10 /group). Each GIC was setting as described above. Flexural properties were measured, both immediately after setting and after 24 h storage, using the three-point bending method with a 20 mm-span and a load speed of 0.5 mm/min (5565, Instron, Canton, MA, USA) outlined in ISO 9917- 2 (1996) and the flexural modulus was calculated (Software Series IX, Instron, Canton, MA, USA).
All procedures, except for cavity preparation, were performed in a thermo-hygrostatic room kept at 23±0.5 o C and 50±2 % relative humidity. Ten specimens were made for each material, storage period and property investigated. The results were analyzed statistically using the Mann-Whitney U test, Tukey Test (non-parametric), 14 -17, 19 Table 2 summarizes the interfacial gap formation observed in the Class I with three HV-GICs and a normal C-GIC (as a control), when the specimen was polished immediately after light-activation and after delayed polishing. For all materials, the sums of gaps were -7 - significantly fewer with delayed polishing, compared to immediate polishing. after setting (Table 6) . Table 7 summarizes the flexural modulus under two conditions. The tendency of results was similar to the flexural strength, increasing after storage. All materials showed significantly higher value than when the specimens were measured immediately after setting.
RESULTS

DISCUSSION
This study used a model cavity for the geometry of typical Class I cavities. This only approximates the Class I morphology and is not the typical morphology for a C-GIC, but has the advantage of a constant volume, reproducible geometry that is beneficial for an in vitro scientific study.
This study demonstrated that polishing of four GICs should not be performed immediately after the filling and setting procedure but should be delayed to a later time to prevent interfacial gap-formation between the material and the Class I cavity. In contrast to the marginal gap of approximately 80-100 gaps when the specimen was polished immediately after setting, the gap was near zero when the specimen was polished after storage in water for 1 day. The GICs shrink during the setting reaction, so interfacial gaps form as the adhesion between tooth-cavity and glass-ionomers does not resist the shrinkage-stress. 13, 20, 21 However, after 1-day water storage the shrinkage-stresses of the materials are effectively compensated for or even converted into expansion-stress due to water uptake and swelling. 1,2,, 4, 18 Water absorption of C-GICs reportedly affects cavity adaptation and reduces microleakage. 3, 13 Although the hygroscopic expansion may not be enough to compensate for the setting -9 - shrinkage, it plays an important role in reducing the shrinkage caused by the cement setting reaction and thus improves the interfacial gap-formation in the restoration.
14, 15
The marginal gap measured using the Teflon mold showed a similar pattern, with respect to the polishing condition, to that obtained using the Class I restoration, as mentioned above. The marginal gap observed even after the specimen was stored in water for 1 day indicated that the hygroscopic expansion did not fully compensate for the setting-shrinkage.
The bond-strength, flexural-strength and flexural-modulus of 1-day storage were significantly higher than those measured immediately for the all C-GICs, and inter-relationships have been reported previously. 3, 13, 22 As expected, cements show higher bond and mechanical strengths when fully set than during the setting reaction. Also the pH, an index of the extent of the hardening reaction for GICs, gradually increases for 24 hours.
1, 2, 23
Therefore it can be presumed that completing of the setting reaction of a GIC requires at least 24 hours. Investigating interfacial gap-formation after 24 h storage, for C-GICs, had value, as was also found in studying various types of restorative filling materials. [13] [14] [15] [16] [17] The greater interfacial integrity of GICs resulted from harmony between: good bond-strength, low setting shrinkage or possibly some hygroscopic expansion. With HV-GICs it is thus generally advisable to adjust of occlusion immediately after initial setting and perform a final contouring and finishing by delayed polishing procedure. And, it is thought that a HV-GIC is the most useful and significant restorative material for some pediatric or geriatric patients.
A more extensive approach to the evaluation of sealing efficacy with C-GICs would require longer-term durability testing or load-cycling. Means with the same letters were not significantly different by Tukey test. (p>0.05).
-19 - Table 6 Flexural strength (MPa) immediately after setting and after one-day storage. 
